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Abstract

Introduction: The aim of this study was to evaluate the diagnostic and prognostic value of presepsin in patients
with severe sepsis and septic shock during the first week of ICU treatment.

Methods: In total, 116 patients with suspected severe sepsis or septic shock were included during the first 24 hours
of ICU treatment. Blood samples for biomarker measurements of presepsin, procalcitonin (PCT), interleukin 6 (IL-6),
C reactive protein (CRP) and white blood cells (WBC) were drawn at days 1, 3 and 8. All patients were followed up
for six months. Biomarkers were tested for diagnosis of sepsis, severe sepsis, septic shock and for prognosis of
30-days and 6-months all-cause mortality at days 1, 3 and 8. Diagnostic and prognostic utilities were tested by
determining diagnostic cutoff levels, goodness criteria, C-statistics and multivariable Cox regression models.

Results: Presepsin increased significantly from the lowest to most severe sepsis groups at days 1, 3 and 8 (test for
linear trend P <0.03). Presepsin levels revealed valuable diagnostic capacity to diagnose severe sepsis and septic
shock at days 1, 3 and 8 (range of diagnostic area under the curves (AUC) 0.72 to 0.84, P=0.0001) compared to IL-6,
PCT, CRP and WBC. Goodness criteria for diagnosis of sepsis severity were analyzed (Zsepsis, cutoff = 530 pg/ml;
>severe sepsis, cutoff =600 pg/ml; Zseptic shock, cutoff = 700 pg/ml; P <0.03). Presepsin levels revealed significant
prognostic value for 30 days and 6 months all-cause mortality (presepsin: range of AUC 0.64 to 0.71, P <0.02).
Patients with presepsin levels of the 4™ quartile were 5 to 7 times more likely to die after six months than patients
with lower levels. The prognostic value for all-cause mortality of presepsin was comparable to that of IL-6 and
better than that of PCT, CRP or WBC.

Conclusions: In patients with suspected severe sepsis and septic shock, precipices reveals valuable diagnostic
capacity to differentiate sepsis severity compared to PCT, IL-6, CRP, WBC. Additionally, presepsin and IL-6 reveal
prognostic value with respect to 30 days and 6 months all-cause mortality throughout the first week of ICU
treatment.
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Introduction

Severe sepsis and septic shock represent major chal-
lenges of modern intensive care medicine, and still
recently published international guidelines demand on-
going research about the pathophysiology, diagnostics
and treatment [1]. Worldwide at least 19 million people
are estimated to suffer from severe sepsis [2] and - if
ever - only half of these patients are treated according to
best standard of care even in the Western world [3].
Today, alert and earliest timing of diagnosis and treat-
ment is still recommended as the best method of choice
to prevent severe sepsis and septic shock. No single new
effective medical therapy or decisive diagnostic tool has
been found over the last decades [3]. Additionally, the
increasing number of patients surviving severe sepsis or
septic shock is endangered by an adverse long-term
prognosis and therefore these patients need to be in-
creasingly focused upon [1,3]. A broad range of clinical
and laboratory parameters are specifically combined and
define the diagnostic standard of severe sepsis and septic
shock [1]. However, there is a great lack of evidence for
biomarkers to reliably diagnose and predict the future
course of patients suffering from severe sepsis or septic
shock [4-6].

Soluble cluster of differentiation 14 subtype (sCD14-ST) -
so-called presepsin - is cleaved from the monocyte/macro-
phage-specific CD14 receptor complex after binding with
lipopolysaccharides (LPS) and LPS binding protein
(LPB) during systemic infections [7-10]. Presepsin ap-
pears to reveal significant diagnostic capacity to diag-
nose sepsis, severe sepsis and septic shock compared to
procalcitonin (PCT) in patients presenting to the emer-
gency department [11-14]. However, a comparative
evaluation of the diagnostic and prognostic implications
between presepsin and PCT, interleukin 6 (IL-6), white
blood cells (WBC) as well as C-reactive protein (CRP)
in patients with severe sepsis and septic shock being
treated on an internal ICU has rarely been investigated
within one single study. Therefore, this study aims to
comparatively evaluate the diagnostic, as well as short-
and long-term prognostic utility of presepsin in patients
with severe sepsis and septic shock during the first week
of intensive care treatment.

Materials and methods

Study patients, design and data collection

The Mannheim Sepsis Study (MaSep, clinicaltrials.gov iden-
tifier: NCT01535534) was conducted as a mono-centric
prospective controlled study at the University Medical
Centre Mannheim (UMM), Germany. Patient enrolment
started in October 2011. The study was carried out accord-
ing to the principles of the declaration of Helsinki and was
approved by the medical ethics commission II of the Fac-
ulty of Medicine Mannheim, University of Heidelberg,
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Germany. Informed consent was obtained from all partici-
pating patients or their legal representatives.

The study was designed to reflect a representative co-
hort of patients with a minimum age of 18 years, who
had proven criteria of severe sepsis or septic shock,
found at a typical internal ICU. Main exclusion criteria
were any traumatic or postoperative cause of sepsis de-
velopment (that is, poly-trauma, cerebral trauma, critical
postoperative status, or burns). Diagnosis of systemic in-
flammatory response syndrome (SIRS) and of sepsis se-
verity was based on established criteria [15,16]: when
patients revealed a microbiologically or clinically proven
infection, they were assigned to the sepsis group. Pa-
tients were categorized to the severe sepsis group if they
developed at least one of the following newly developed,
sepsis-induced organ failures: acute encephalopathy, pul-
monary organ failure defined as the ratio of the partial
pressure of oxygen (PaO,) to the fraction of inspired
oxygen (FiO,) PaO,/FiO, < 250, renal organ failure with
urine output <0.5 ml/kg/h, hematological organ failure
with platelet count <100,000/mm?® or unexplained meta-
bolic acidosis with pH <7.3 and lactate levels >1.5 times
the upper limit of normal. Sepsis-induced organ failures
in these patients were strongly connected to infection
and were present for less than 24 h. Patients developing
cardiovascular organ failure with need for vasopressors
longer than 1 h were categorized as suffering from septic
shock. Disease severity on the ICU was documented by
the acute physiology and chronic health evaluation II
(APACHE 1II) and the sequential organ failure assess-
ment (SOFA) score [17,18].

All patient data, such as creatinine levels, hemoglobin,
hematocrit, WBC count, platelet count, CRP, bilirubin,
sodium, potassium, urea, IL-6, PCT, body temperature,
respiratory rate, heart rate, blood pressure, partial pres-
sure of O2 and CO2, bicarbonate, base excess, lactate,
pH value, Glasgow coma scale (GCS) were documented.
Additionally, prior medical history, age, sex, body weight
and the germ spectrum were documented.

After the end of each hospital treatment, two study
physicians independently reviewed all available clinical
data of the study patients and classified all patients into
four disease groups: SIRS, sepsis, severe sepsis or septic
shock. The study physicians were blinded to the results
of tested biomarker measurements, such as presepsin,
PCT and IL-6.

Blood samples for presepsin measurements were taken
within 24 h after clinical onset of severe sepsis or septic
shock on the ICU (day 1) as well as on day 3 and 8 of
ICU treatment. All patients were followed up until
30 days and 6 months after study inclusion by direct
telephone visits with the patients or their general practi-
tioners. The main prognostic outcome was all-cause
mortality after 30 days and 6 months: 60 people without
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any clinically proven systemic infection served as a con-
trol group.

Biomarker measurements

Blood samples were obtained by venipuncture into serum
and ethylenediaminetetraacetic acid (EDTA) monovettes®
(SARSTEDT AG & Co.,; Niimbrecht, Germany). Within
30 minutes all blood samples were centrifuged at 1,000 x g
at 4°C for 15 minutes. Serum/plasma was separated, frozen
and stored at —80°C.

Presepsin measurements were performed with the
PATHFAST® immunoassay analytical system (PROGEN
Biotechnik GmbH, Germany; Mitsubishi Chemical
Medience Corporation, Japan) using plasma from EDTA
monovettes® [8,19]. IL-6 and PCT were measured in
serum. IL-6 was measured with reagents from Roche
Diagnostics (Roche Diagnostics, Mannheim, Germany) and
PCT was measured with reagents from Thermo Fisher
Scientific (Thermo Fisher Scientific Clinical Diagnostics,
BRAHMS GmbH, Henningsdorf, Germany). The assays
were performed on a Cobas e601 twin module (Roche
Diagnostics, Mannheim, Germany). IL-6 and PCT mea-
surements were performed at the central laboratory in
Nuremberg, Germany.

Statistical analysis

For normally distributed data, the Student ¢-test was ap-
plied. Otherwise, the Mann—Whitney U-test was used as
a nonparametric test. Deviations from a Gaussian distri-
bution were tested by the Kolmogorov-Smirnov test.
Spearman’s rank correlation for nonparametric data was
used to test the association of presepsin blood levels
with medical parameters. Qualitative parameters were
analyzed by use of a 2 x2 contingency table and Chi*
test or Fisher’s exact test as appropriate. Quantitative
data are presented as mean + standard error of mean
(SEM) or as median and interquartile ranges (25th to
75th percentiles), depending on the distribution of the
data. For qualitative parameters absolute and relative fre-
quencies are presented. A test for linear trend was ap-
plied to compare the biomarker levels in the different
groups of sepsis severity. Post-hoc statistical power ana-
lyses were performed. All analyses were exploratory and
utilized a P-value of 0.05 (two-tailed) for significance.

Diagnostic value of biomarkers

For C-statistics: receiver-operating characteristic (ROC)
curve analyses were performed with calculation of area
under the curve (AUC) for diagnosis of sepsis, severe
sepsis and septic shock during the first week of ICU
treatment at days 1, 3 and 8. A minimal AUC was set at
0.75 to define valuable discriminative diagnostic cap-
acity of any biomarker. Accordingly, diagnostic good-
ness criteria (that is, accuracy, specificity, sensitivity,
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negative/positive predictive values (NPV/PPV), and rela-
tive risk) of the biomarkers were calculated. Accuracy was
defined as the sum of true positives plus true negatives
divided by all measured patients. Diagnostic AUCs were
compared by the method of Hanley et al. [20].

Prognostic value of biomarkers

For C-statistics: ROC analysis with calculation of the
AUC was performed for prognosis of all-cause mortality
in all patients after 30 days and 6 months for all
biomarkers (that is presepsin, IL-6, PCT, CRP, WBC),
APACHE 1II and SOFA score. Prognostic AUCs were
compared by the method of Hanley et al. [20]. Log-
transformed biomarker concentrations over time (days 1,
3, 8) in survivors and non-survivors were analyzed by
two-way analysis of variance (ANOVA) to estimate the
effects of the two factors, time and survival, on biomarker
levels. Kaplan-Meier survival curves according to presep-
sin quartiles were created and the corresponding hazard
ratios (HR) were calculated for each quartile. Cox regres-
sion analysis was performed to adjust the prognostic value
of presepsin and IL-6 with age, sex, creatinine, APACHE
II and SOFA score and the number of ICU treatment
days, all representing confounding factors on presepsin
levels and objective clinical factors limiting prognosis of
patients with severe sepsis and septic shock. HR are
indicated for a log unit-change of presepsin or IL-6.

The calculations were performed with InStat and
StatMate (GraphPad Software), SPSS software (SPSS
Software GmbH), and SAS version, release 9.2 (SAS
Institute Inc. Cary, NC, USA).

Results
Baseline characteristics are given in Table 1. A total of 116
patients have been included into the MaSep study: 24% of
the patients (n = 28) suffered from severe sepsis and 64% of
the patients (n = 74) suffered from septic shock at the time
of study entry. There were 12% of the patients classified to
the sepsis (n=5) or SIRS group (n=9). In SIRS patients
either no evidence of any infection was finally found or
organ dysfunction was mainly caused by concomitant, man-
ifested chronic pulmonary or acute neurological diseases.
Mean APACHE II score at day 1 was highest in patients
with septic shock (mean + SEM =27 + 1). The most com-
mon primary site of infection was the lung in at least 50%
of patients in each group, followed by abdominal and
urinary tract infections (up to 16% of patients).

Associations of presepsin with clinical and laboratory
parameters

Presepsin levels were significantly correlated with clin-
ical and laboratory parameters at day 1. As shown
in Table 2, presepsin correlated with creatinine levels
(r=0.28, P=0.002) as well as with the days of renal
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Table 1 Baseline characteristics of the Mannheim Sepsis Study (MaSep)
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Controls SIRS Sepsis Severe sepsis Septic shock

(n=60) (n=9) (n=5) (n=28) (n=74)
Age, years (mean, range) 62 (42 to 87) 74 (61 to 81) 66 (50 to 81) 66 (26 to 87) 68 (26 to 88)
Gender, n (%)
Male 29 (48) 5 (56) 4 (80) 21 (75) 52 (70)
Female 31 (52) 4 (44) 1 (20) 7 (25) 22 (30)
Site of infection, n (%)
Lung - - 5 (100) 20 (71) 41 (55)
Urinary tract - - - 3011 4 (5)
Abdominal - - - 30171 12 (16)
Central nervous system - - - - -
Skin - - - 14 34
Heart - - - - -
Neutropenia - - - - -
Blood - - - 14 7 (10)
Others - - - - 7 (10)
Laboratory values, mean + SEM
White blood cells, 10°/L - 145+17 192£31 174£31 195+18
Platelets, 10%/L - 210216 305 £ 202 218214 191+ 142
Bilirubin, mg/dl - 08+0.2 05+0.1 1.1+£03 29+0.7
Creatinine, mg/d| - 1.1+0.1 12+02 24+03 27+02
C-reactive protein, mg/L - 68+ 16 155+ 28 178 + 24 197 +12
Procalcitonin, ng/ml - 20+09 43+28 69+20 222+4
Interleukin 6, pg/ml - 335+ 154 142 +53 1,385+829 21,089 + 15,437
pCO2, mmHg - 43+5 49+ 14 45+4 44 +2
Positive blood cultures, n (%) - 0 (0) 0 (0) 8 (29) 25 (34)
ICU parameters, mean + SEM
ICU days - 10+2 8+2 10+2 5+2
Ventilation days - 3+1 442 6+2 9+2
Catecholamine days - 241 +0 241 7£1
Renal replacement therapy days - 0+0 0+ 1+£06 3+1
APACHE Il, mean + SEM - 24£2 18+3 20+2 27 +1
SOFA score, mean + SEM - 76+1.1 62+18 6.1+05 11.8+04
All-cause mortality, n (%)
30 days
Death 0(0) 4 (44) 2 (40) 10 (36) 42 (57)
Survivor 60 (100) 5 (56) 3 (60) 18 (64) 32 (43)
6 months
Death 0(0) 4 (44) 3 (60) 12 (43) 53 (72)
Survivor 60 (100) 5 (56) 2 (40) 16 (57) 21 (28)

SIRS, systemic inflammatory response syndrome; SEM, standard error of the mean; APACHE II, acute physiology and chronic health evaluation Il; SOFA, sequential

organ failure assessment.

replacement therapy (RRT) during ICU treatment (r=
0.36, P=0.0001). Additionally, presepsin correlated with
WBC, CRP, PCT, IL-6 and bilirubin. Interestingly, pre-
sepsin was also significantly correlated with the number

of days of intensive care treatment, mechanical ventila-
tion and catecholamine therapy (P <0.05). Presepsin
levels were not correlated with patients’ age and gender

in this cohort (P >0.05) (data not shown).
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Table 2 Univariate correlations of presepsin with
laboratory and clinical parameters in all patients
(n=116) at day 1

r P-value

Creatinine 0.28 0.002
Bilirubin 0.20 0.04
White blood cells (WBC) 017 0.07
Platelets 0.09 04

C reactive proteine (CRP) 0.22 0.02
Procalcitonin (PCT) 036 0.0001
Interleukin 6 (IL-6) 039 0.0001
pCO2 -0.25 0.007
Systolic blood pressure -0.19 0.04
Intensive care days 0.22 0.02
Mechanical ventilation days 0.19 0.04
Renal replacement days 036 0.0001
Catecholamines days 0.21 0.03
SOFA score 0.23 0.02
APACHE Il score 0.28 0.004

APACHE II, acute physiology and chronic health evaluation II; SOFA, sequential
organ failure assessment.

Diagnostic value of presepsin

Figure 1 illustrates distribution of presepsin, IL-6 and
PCT levels according to the different groups of sepsis se-
verity at days 1, 3 and 8. A significant increasing trend
of presepsin levels was observed compared to controls
in the lowest to highest groups of sepsis severity during
the first week of intensive care treatment (P <0.03),
which was not observed for PCT or IL-6 (P >0.05).

Presepsin levels (pg/ml) were as follows (that is, me-
dian (IQR)): day 1: SIRS 393 (249 to 745), sepsis 362
(249 to 745), severe sepsis 947 (523 to 2,486), septic
shock 2,330 (1,181 to 5,219); day 3: SIRS 448 (350 to
844), sepsis 651 (523 to 1,430), severe sepsis 1,479 (787
to 3,811), septic shock 2,060 (954 to 4,114); day 8: SIRS
604 (223 to 965), sepsis 1,528 (573 to 4,539), severe sep-
sis 1,556 (859 to 2,462), septic shock 3,041 (1,757 to
5,407); and controls 216 (146 to 350).

The diagnostic value of presepsin levels to diagnose
septic shock (AUC = 0.80) was comparable to that of IL-
6 (AUC=0.86) and PCT (AUC =0.83) at day 1 of ICU
treatment (AUC differences, P >0.05) (Table 3). At day 3
of ICU treatment, the diagnostic value of presepsin
(AUC =0.84) to diagnose at least sepsis was significantly
better than that of PCT (AUC =0.69) (AUC difference,
P =0.05) and comparable to that of IL-6 (AUC =0.81)
(AUC difference, P >0.05). Interestingly, presepsin (AUC =
0.80) levels still revealed valuable diagnostic capacity to
diagnose at least severe sepsis when compared to IL-6
(AUC=0.71) and PCT (AUC=0.66) at day 3. However,
presepsin was not able to differentiate septic shock at day 3
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(AUC=0.72; that is, <0.75 predefined AUC margin),
whereas the AUC of IL-6 was 0.76 at day 3. At day 8 of
ICU treatment, the diagnostic value of presepsin was
evident for all different groups of sepsis severity (for
example, diagnosis of at least sepsis, presepsin AUC =
0.82), whereas IL-6, PCT, WBC and CRP did not ex-
ceed an AUC >0.75 (Table 3).

Accordingly, presepsin revealed valuable diagnostic
goodness criteria at defined cutoff levels (=sepsis=
530 pg/ml; > severe sepsis = 600 pg/ml; > septic shock =
700 pg/ml) with a minimum sensitivity of 89% to diag-
nose either patients with at least sepsis, severe sepsis or
septic shock at all points in time (Table 4). At day 1, pa-
tients with presepsin levels >700 pg/ml were up to nine
times more likely (that is, relative risk) to suffer from
septic shock than patients with lower levels. Specificity
was 77%, PPV 74% and the NPV was 92%, thereby
reaching a diagnostic test accuracy of 82% (Table 4). At
day 3, PPV’s for presepsin levels were at least 82% corre-
sponding to a low number of patients diagnosed false
positive. In contrast, at day 8 NPVs for presepsin levels
were at least 81%, corresponding to a low number of pa-
tients diagnosed false negative (Table 4).

Prognostic value of presepsin

All-cause mortality rates were 50% after 30 days (58/
116) and 62% after 6 months (72/116). Six months of
follow up were completed in all patients. Presepsin levels
were significantly higher in patients who died by 30 days
or 6 months compared to those who survived (P=
0.008).

The prognostic AUCs of presepsin were statistically
significant at all time points and for all-cause mortality
at 30 days and at 6 months (Table 5). AUCs of presepsin
were numerically greater compared to the AUCs of IL-6
(with the exception of day 1 for prediction of 30-day
mortality, presepsin AUC = 0.64), however AUCs for
presepsin and IL-6 did not differ significantly (P >0.05)
(Table 5). APACHE II and SOFA scores were the only
further significant prognostic indicators of 30-day and 6-
month all-cause mortality, whereas these AUCs did not
differ significantly from those of presepsin (P >0.05).

Presepsin and IL-6 levels were significantly (P <0.001)
increased in non-survivors (30 days, n=58; 6 months,
n =72) compared to survivors (30 days, n = 58; 6 months,
n =44) consistently at days 1, 3 and 8 of ICU treatment
(Figure 2). Presepsin levels of both survivors and non-
survivors did not change during the first week of ICU
treatment, whereas IL-6 levels decreased (P <0.001) both
in survivors and non-survivors (Figure 2). An interaction
of survival with time was not detected. Specifically,
presepsin levels were significantly higher (P=0.02) in
patients who died from septic shock within 6 months
(presepsin median: 2,690 pg/ml, IQR 1,348 to 6,719 pg/ml,
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Figure 1 Presepsin (top), procalcitonin (PCT, middle) and IL-6 plasma levels (bottom) in patients admitted to the internal ICU with
proven criteria of systemic inflammatory response syndrome (SIRS), sepsis, severe sepsis and septic shock. Left diagrams show results of
biomarker measurements at day 1, middle diagrams show results at day 3 and right diagrams show results at day 8. Sixty individuals served as a
control group at day 1. Data are presented as medians with 25th and 75th percentiles (boxes) and 5th and 95th percentiles (whiskers).

n =53) compared to those patients surviving septic shock
(presepsin median: 1,234 pg/ml, IQR 717 to 3,420 pg/ml,
n =19), when measured at day 1 of ICU treatment (data
not shown).

Patients with the highest presepsin levels in the fourth
quartiles were up to 6.8 times more likely to die by 30 days,
and up to 5.5 times more likely to die by 6 months both
when measured at day 1 or day 8 of intensive care treat-
ment (Figure 3). After adjusting for age, sex, creatinine,
ICU days and APACHE II score (model 2), presepsin
levels measured at days 1 and 8 revealed significant
prognostic value for 30-day and 6-month all-cause mor-
tality (range of HR 1.8 to 7.5; P <0.03) (Table 6). Presep-
sin levels at day 3 were significantly associated with

an adverse outcome only in univariate Cox models. Not-
ably, IL-6 offered significant prognostic value for both
short- and long-term all-cause mortality at all time
points during ICU treatment (Table 6).

Despite replacing the APACHE II with the SOFA score
within Cox regression models to predict 30-day and
6-month all-cause mortality, presepsin retained its signifi-
cant prognostic value at days 1 and 8 of ICU treatment
(range of HR 1.9 to 11.7; at least P = 0.04). However, pre-
sepsin was not statistically significant in adjusted Cox
models at day 3 of ICU treatment. In contrast, IL-6 had
significant prognostic value at all time points of ICU treat-
ment and for both 30-day and 6-month all-cause mortality
(range of HR 1.8 to 8.5; P = 0.0001) (data not shown).
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Table 3 Diagnostic performance of biomarkers for diagnosis of severe sepsis and septic shock at days 1, 3 and 8 of ICU

treatment, analyzed as area under the curve (95% Cl)

Presepsin Interleukin-6

Procalcitonin

C-reactive protein

White blood cells

Day 1
Septic shock (n=74) 0.80 (0.73, 0.86)

P=0.0001

0.86 (0.80, 0.91)
P=0.0001

0.83 (0.77, 0.90)
P=0.0001

Day 1: Controls n=60; SIRS n=9; sepsis n =5; severe sepsis n = 28; septic shock n=74

Day 3

2 Sepsis (n=281) 0.84 (0.72, 0.96) 0.81 (0.70, 0.92)
P=0.0001 P=0.001

2 Severe sepsis (n=67) 0.80 (0.70, 0.91) 0.71 (0.60, 0.81)
P=0.0001 P=0.003

Septic shock (n=39) 0.72 (061, 0.82) 0.76 (0.66, 0.87)
P =0.0001 P=0.0001

Day 3: SIRS n=15; sepsis n = 14; severe sepsis n = 28; septic shock n =39
Day 8
2 Sepsis (N =48)

0.82 (0.71, 0.93) 0.74 (061, 0.87)

P=0.0001 P=0.001
2 Severe sepsis (n=37) 0.77 (0.65, 0.88) 0.73 (061, 0.85)
P=0.0001 P=0.001
Septic shock (n=18) 0.79 (0.66, 0.92) 0.69 (0.55, 0.83)
P=0.0001 P=002

Day 8: SIRS n=28; sepsis n = 11; severe sepsis n = 19; septic shock n=18

0.69 (0.52, 0.87)
P=003
0.66 (0.52, 0.80)
P=002
0.66 (0.55, 0.77)
P=001

0.64 (0.50, 0.78)
P=006

0.68 (0.55, 0.81)
P=001

0.78 (0.65, 0.92)
P=0.001

0.62 (049, 0.74)
P=0.06

0.69 (0.54, 0.83)
P=004

0.61 (049, 0.74)
P=0.1

0.72 (062, 0.83)
P=0.0001

0.69 (0.54, 0.84)
P=001
0.65 (0.51,0.78)
P=004
067 (0.53,0.81)
P=004

0.53 (041, 0.62)
P=0.7

0.73 (060, 0.87)
P=0.009

0.59 (047, 0.72)
P=02

0.57 (045, 0.70)
P=03

0.75 (0.64, 0.87)
P=0.001

0.71 (0.58, 0.83)
P=0.004

0.68 (0.53, 0.84)
P=002

A minimal area under the curve was set at >0.75 (highlighted in bold type). SIRS, systemic inflammatory response syndrome.

Discussion

The present study comparatively evaluated the diagnos-
tic as well as short- and long-term prognostic value of
sCD14-ST - that is - presepsin, with PCT, IL-6, CRP and
WBC in patients with severe sepsis and septic shock
during the first week of intensive care treatment at days
1, 3 and 8. To the best of our knowledge, the present
results are the first that are based on a stepwise and

detailed statistical approach with respect to the diagnos-
tic and prognostic capacity for each inflammatory bio-
marker, stage of sepsis severity and different time points
during ICU treatment.

First, it was demonstrated that measurements of pre-
sepsin levels had valuable and consistent diagnostic cap-
acity for the different stages of sepsis severity compared
to PCT, IL-6, CRP and WBC during the first week of

Table 4 Goodness criteria of presepsin for diagnosis of sepsis, severe sepsis and septic shock during the first week of

ICU treatment

Area under Cutoff, pg/ml Accuracy, % Sensitivity, % Specificity, % PPV, % NPV, % Relative risk P-value
the curve
Day 1
2 Septic shock  0.80 700 82 91 (67/74) 77 (78/102) 74 (67/91) 92 (78/85) 89 0.0001
Day 3
2 Sepsis 0.84 530 86 90 (73/81) 60 (09/15) 93 (73/79) 56 (09/16) 2.1 0.0001
2 Severe sepsis  0.80 600 80 91 (61/67) 54 (15/28) 82 (61/74) 71 (15/21) 29 0.0001
Day 8
2 Sepsis 0.82 530 76 94 (45/48) 46 (13/28) 75 (45/60) 81 (13/16) 4.0 0.001
2 Severe sepsis  0.77 600 66 92 (34/37) 41 (16/39) 60 (34/57) 84 (16/19) 3.8 0.001
2 Septic shock ~ 0.79 700 50 89 (16/18) 38 (22/58) 31(16/52) 92 (22/24) 37 0.03

Diagnostic goodness criteria have only been calculated when the diagnostic AUC was >0.75. PPV and NPV: positive and negative predictive values. Values in
brackets represent the following: sensitivity (true positives/all diseased); specificity (true negatives / all non diseased); PPV (true positives/all test positives);

NPV (true negatives/all test negatives).
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Table 5 Prognostic performance of biomarkers and ICU scores for 30-day and 6-month all-cause mortality during the

first week of ICU treatment

Presepsin Interleukin-6 Procalcitonin C-reactive protein Leukocytes SOFA APACHE II
AUC (95% ClI)
30-day all-cause mortality
Day 1 0.64 0.69 0.59 0.54 0.51 0.64 0.70
(0.54, 0.75) (0.55, 0.76) (0.48, 0.69) (043, 0.65) (041, 062) (0.52,0.77) (0.60, 0.80)
P=0.008 P=0.001 P=0.1 P=05 P=08 P=0.05 P=0.0001
Day 3 0.70 0.69 0.58 0.64 0.55 0.65 0.64
(059, 0.81) (0.58, 0.80) (046, 0.70) (0.52, 0.76) (042, 0.67) (0.53,0.77) (0.51,0.77)
P=0.002 P=0.002 P=02 P=0.03 P=05 P=0.04 P=0.04
Day 8 0.69 0.67 0.57 0.61 0.60 0.69 0.60
(0.56, 0.82) (0.54,0.81) (041,0.73) (046, 0.75) (046, 0.75) (0.57,0.81) (042,0.78)
P=0.02 P=0.03 P=04 P=0.2 P=02 P=0.007 P=03
58 of 116 patients died after 30 days corresponding to a 50% all-cause mortality rate.
6 months all-cause mortality
Day 1 0.68 0.66 0.59 057 0.54 0.67 0.65
(0.58, 0.78) (0.56, 0.76) (049, 0.70) (045, 0.69) (043, 0.65) (0.55, 0.78) (0.54, 0.76)
P=0.001 P=0.05 P=0.1 P=02 P=05 P=0.01 P=0.01
Day 3 0.70 0.70 057 061 0.59 0.64 061
(0.59, 0.80) (0.59, 0.80) (045, 0.69) (049, 0.73) (047,0.71) (0.52,0.76) (048, 0.74)
P=0.002 P=0.001 P=03 P=0.08 P=02 P=0.04 P=0.1
Day 8 0.71 067 0.56 0.63 0.60 0.71 0.64
(0.58,0.83) (0.54, 0.80) (042, 0.70) (049, 0.77) (046, 0.74) (060, 0.83) (044, 0.84)
P=0.004 P=0.02 P=04 P=0.06 P=02 P=0.001 P=02

72 of 116 patients died after 6 months corresponding to a 62% all-cause mortality rate.

Significant P-values (P <0.05) are highlighted in bold type. AUC, area under the curve; APACHE Il, acute physiology and chronic health evaluation II; SOFA,

sequential organ failure assessment.

ICU treatment. Diagnostic cutoffs were set at 2530 pg/ml
for > sepsis, at >600 pg/ml for > severe sepsis and >700 pg/
ml for septic shock reaching at least 89% sensitivity based
on a minimum AUC of at least 0.77. IL-6 only had discrim-
inative AUCs (that is, AUC >0.75) for diagnosis of septic
shock on day 1 and 3 and for sepsis at day 3. PCT, CRP
and WBC mostly failed to have any discriminative capacity
for the different groups of sepsis severity at the different
time points (AUCs <0.75).

In accordance with the presented results, Liu et al. pre-
viously demonstrated that presepsin levels had the best
diagnostic capacity for diagnosis of sepsis (AUC = 0.82),
severe sepsis (AUC =0.84) and septic shock (AUC =0.79)
compared to PCT (that is, severe sepsis AUC = 0.74; septic
shock AUC =0.78) in 859 patients presenting at the emer-
gency department in Bejing, China [13], while cutoff levels
(that is, severe sepsis: presepsin cutoff = 449 pg/ml; septic
shock: presepsin cutoff = 550 pg/ml) with lower diagnostic
sensitivities (that is, severe sepsis 82%, septic shock 86%)
were calculated. Ulla et al. [14] evaluated 106 patients pre-
senting at the emergency department with SIRS, sepsis,

severe sepsis or septic shock, thereby revealing a lower
diagnostic value of presepsin for diagnosis of at least sepsis
compared to PCT (that is, diagnosis of > sepsis: presepsin,
AUC =0.70; PCT, AUC =0.88), while the best diagnostic
cutoff of presepsin was 600 pg/ml accompanied by a lower
sensitivity of 79%.

In the present study we tried to avoid this inconsist-
ency by choosing optimal and uniform cutoff levels (sep-
sis 530 pg/ml, severe sepsis 600 pg/ml, septic shock
700 pg/ml) at a maximum achievable sensitivity on days
1, 3 and 8 (that is, at least 89%). This approach was
based on clinical considerations to capture as many pa-
tients as possible who were truly diseased. Interestingly,
within the present analysis presepsin levels had weak
diagnostic value for the differentiation of septic shock at
day 3 of ICU treatment. This might be explained by a
longer half-life of presepsin keeping higher concentra-
tions at least until day 3 of intensive care treatment,
which might also being influenced by the presence of
acute kidney injury (AKI) in patients with severe sepsis/
septic shock [12]. At day 8 of ICU treatment, presepsin
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Figure 2 Presepsin (left column) and IL-6 levels (right column) were significantly increased (P <0.001) in non-survivors compared to
survivors after 30 days (top) and 6 months (bottom) consistently at days 1, 3 and 8 of ICU treatment. IL-6 levels decreased both in
survivors and non-survivors during the first week of ICU treatment (survivors: after 30 days, n = 58; 6 months, n = 44; non-survivors: after 30 days,
n=58; 6 months, n=72; P=0.001). A significant decrease of presepsin levels over days 1, 3 and 8 of ICU treatment was not detected (P =0.59
and P=0.39). Log-transformed biomarker concentrations were analyzed by two-way analysis of variance (ANOVA) to estimate the effects of the
two factors, time and survival on biomarker levels. An interaction of survival with time was not detected. Data are presented as medians with
25th and 75th percentiles (boxes), smallest and largest values without extreme values (whiskers) and extreme values (points).
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again revealed diagnostic discrimination for patients with
septic shock.

In contrast, Endo et al. [11,21] evaluated presepsin,
IL-6 and PCT levels in patients with proven bacterial in-
fections compared to patients with non-bacterial infec-
tions and found that all inflammatory biomarkers were
significantly higher in patients with bacterial infections.
Corresponding diagnostic AUCs for a proven bacterial
infection were highest for presepsin and PCT (that is,
presepsin, AUC =0.908; PCT, AUC =0.905) and lowest
for IL-6 (that is, IL-6, AUC = 0.825).

Recent trials mostly evaluated single measurements of
presepsin in patients presenting to the emergency de-
partment, trying to establish presepsin as an early one-
shot guiding biomarker for emergency care [13,14].
However, too little is yet known about presepsin mea-
surements during the course of severe sepsis or septic

shock after immediate admission to the ICU and follow-
ing intensive care treatment [22]. Accordingly, stepwise
diagnostic and prognostic evaluation of the individual
patient with severe sepsis is recommended as early as
possible during ICU treatment in order to establish real-
istic treatment goals and clinical decision-making [1].
The present study showed that presepsin levels have sev-
eral significant associations with different ICU parame-
ters reflecting the intensity and severity of severe sepsis/
septic shock within our cohort (for example, significant
correlations with APACHE II and SOFA score, days of
intensive care treatment, days of mechanical ventilation
and days of catecholamine treatment).

Accordingly, further influencing factors on presepsin
despite age and renal function are rarely known [12].
Notably, a significant correlation between presepsin and
bilirubin, as shown in the present study, has not been
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Figure 3 Kaplan-Meier survival curves evaluated by quartiles of presepsin after 30 days (left column) and 6 months (right column) of
follow up in the total study cohort (n=116). Hazard ratios (HR) were calculated for each risk group according to presepsin quartiles measured
at day 1 (top) and day 8 (bottom).

described yet. While the liver represents a central organ
of metabolic and immunological homeostasis, liver dys-
function can facilitate the progression of multiple organ
failure in septic patients [3,23]. Extra-hepatic bacterial
infections within sepsis have been described to account
for almost 20% of jaundice cases, and increases of bili-
rubin themselves have been found recurrently in pa-
tients with sepsis [3,23]. A correlation between
presepsin and inflammatory biomarkers, such as CRP,

WBC, IL-6 and PCT, can be explained by the ongoing
systemic activation of inflammatory biomarkers during
severe sepsis and septic shock [3,24].

Second, it was demonstrated that measurements of
presepsin levels revealed valuable prognostic capacity
to predict short- and long-term (that is, 30-day and
6-month) all-cause mortality compared to PCT, CRP
and WBC consistently throughout days 1, 3 and 8 of
ICU treatment. Patients with presepsin levels of the
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Table 6 Cox regression models to predict 30-day and 6-month all-cause mortality at days 1, 3 and 8 of intensive care

treatment

Model 1 Model 2

Unadjusted Adjusted for age, sex, creatinine, ICU days, APACHE Il
Predictor HR 95% Cl Chi-square P-value HR 95% ClI Chi-square P-value
All-cause mortality 30 days
Day 1
Log presepsin, pg/ml 19 12,30 6.9 0.009 22 12,41 429 0.02
Log interleukin 6, pg/ml 1.7 14,22 20.5 0.0001 1.9 14,27 547 0.0001
Day 3
Log presepsin, pg/ml 18 10,33 3.7 0.05 13 05,33 49 0.7
Log interleukin 6, pg/ml 26 16, 44 132 0.0001 32 20,54 283 0.0001
Day 8
Log presepsin, pg/ml 25 13,50 74 0.007 75 24,233 226 0.001
Log interleukin 6, pg/ml 39 1.6, 94 9.2 0.003 6.0 19,192 183 0.002
All-cause mortality 6 months
Day 1
Log presepsin, pg/ml 20 13,30 106 0.001 2.7 15,49 320 0.001
Log interleukin 6, pg/ml 1.7 13,21 19.3 0.0001 1.7 13,23 36.5 0.0001
Day 3
Log presepsin, pg/ml 19 12,32 6.5 0.01 1.5 06,34 33 04
Log interleukin 6, pg/ml 2.7 17,43 16.6 0.0001 3.1 19,49 223 0.0001
Day 8
Log presepsin, pg/ml 26 15,43 12.7 0.0001 45 20,104 172 0.0001
Log interleukin 6, pg/ml 3.1 1.6, 6.1 11.5 0.001 35 15,78 12.3 0.003

Hazard ratios (HR) describe the HR for a biomarker change per log unit-increase. APACHE I, acute physiology and chronic health evaluation Il score.

fourth quartile were up to five to seven times more likely
to die after 6 months than patients with lower levels.
APACHE II and SOFA scores solely revealed acceptable
prognostic values for all-cause mortality. IL-6 was the
only inflammatory biomarker with comparable prognos-
tic value at all time points as demonstrated both in
C-statistics and within multivariable Cox regression models
being adjusted to age, sex, intensive care days and APACHE
II/SOEFA score.

The prognostic value of presepsin in severe sepsis/sep-
tic shock has not yet been evaluated in detail. Presepsin
has been described as a powerful prognostic biomarker
compared to PCT and APACHE II scores for short-term
28-day all-cause mortality (presepsin, AUC = 0.66; PCT,
AUC =0.68, APACHE 1II, AUC = 0.72) [11,13]. Ulla et al.
[14] demonstrated increased risk of death within 60 days
in patients with increased presepsin levels >1,000 pg/ml
[13,14]. In a retrospective analysis including patients
with severe sepsis and septic shock after discharge from
the ICU, Masson et al. demonstrated constantly increased
presepsin levels in decedents and revealed significant
prognostic value for both 28-day and 90-day all-cause

mortality, whereas PCT failed to provide any prognostic
information [22]. It was speculated that decreasing presep-
sin levels in surviving patients might indicate a beneficial
effect of ICU treatment. However, these studies did not in-
clude IL-6 measurements as another prognostic biomarker
next to presepsin.

Therefore, the present study delivered new evi-
dence about both presepsin and IL-6 as powerful
prognostic biomarkers of short- and long-term prog-
nosis in patients with severe sepsis and septic shock
[25-27]. Specifically long-term prognostic risk stratifi-
cation has become of major interest for patients with
severe sepsis and septic shock [14,22,28]. Patients
surviving severe sepsis/septic shock remain at in-
creased risk of death in the following months and
years after hospital discharge, while suffering from
chronically impaired physical or neurocognitive func-
tioning [3]. In this respect, measurements of presep-
sin and IL-6 during the first week of ICU treatment
might help to better prognosticate the individual
half-year course of these patients, specifically ad-
dressing the risk of all-cause mortality.
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Limitations

The present study was performed on the internal ICU
at the University Medical Centre Mannheim, Germany. Pri-
marily, this study included patients with severe sepsis or
septic shock 24 h after admission to the medical ICU or
24 h after disease onset during ICU treatment. If statisti-
cally significant diagnostic and prognostic values for pre-
sepsin and IL-6 were calculated, sufficient statistical power
of at least 80% could have been presumed. If statistically
non-significant differences were calculated, a larger number
of study patients of at least 300 to 2,000 patients in each
group would have been required to guarantee sufficient
statistical power, for example, for the inflammatory bio-
markers PCT, CRP and WBC with respect to diagnosis or
prognosis. However, high P-values and relatively marginal
differences in these biomarker levels with regard to diag-
nostic and prognostic differentiation in the present study
cohort of 116 patients suggest that there might not be a real
clinically relevant difference. Within our study, we did not
find any significant associations of presepsin levels with age
and sex of the patients, which were previously described
[12]. Analyses were not blinded with respect to WBC and
CRP, because both biomarkers are used in daily routine
practice. Based on the presented results, a single or double
biomarker combination (for example, presepsin and IL-6)
for diagnostic and prognostic assessment appears to be use-
ful in patients with severe sepsis or septic shock being
treated on a medical ICU. Additional clinical tools, such as
risk-prediction scores (for example, APACHE II or SOFA
score) might add specific information when single non-
significant or negative biomarker results (for example, CRD,
WBC, PCT) are evident. However, combined biomarker
strategies for diagnostic and prognostic assessment need to
be investigated, both in larger, multi-center studies and in
prospective clinical studies, with internal medicine patients
as well as surgical or trauma patients.

Conclusions

Taken together, it has been demonstrated that measure-
ments of presepsin levels had independent diagnostic and
prognostic value in patients with severe sepsis and septic
shock during the first week of intensive care treatment.
Presepsin levels had valuable diagnostic value for the diag-
nosis of sepsis, severe sepsis and septic shock at days 1, 3
and 8 of ICU treatment compared to PCT, IL-6, CRP and
WBC. Additionally, presepsin levels had valuable prognos-
tic capacity to predict short- and long-term all-cause mor-
tality when compared to PCT, IL-6, CRP, WBC and
APACHE 1I score.

Key messages

e DPresepsin reveals valuable diagnostic capacity for
stages of sepsis severity compared to PCT, IL-6,
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CRP, and WBC in patients being treated on an
internal ICU.

e Diagnostic cutoffs of presepsin were set at 2530 pg/ml
for > sepsis, at 2600 pg/ml for > severe sepsis and
2700 pg/ml for septic shock.

e Presepsin levels had valuable prognostic capacity to
predict short- and long-term all-cause mortality at
30 days and 6 months compared to PCT, CRP,
WBC, SOFA and APACHE II scores.

e IL-6 had comparable prognostic value to presepsin
levels.

e Diagnostic and prognostic capacity of presepsin was
consistently demonstrated throughout days 1, 3 and
8 of ICU treatment.

Abbreviations

ANOVA: analysis of variance; APACHE II: acute physiology and chronic health
evaluation II; AUC: area under the curve; CD: cluster of differentiation; CRP:
C-reactive protein; EDTA: ethylenediaminetetraacetic acid; FiO,: fraction of
inspired oxygen; HR: hazard ratio; IL-6: interleukin 6; PaO,: partial pressure
of oxygen; PCT: procalcitonin; ROC: receiver-operating characteristic;
sCD14-ST: soluble cluster of differentiation 14 subtype; SEM: standard error
of mean; SIRS: systemic inflammatory response syndrome; WBC: white
blood cells.

Competing interests

Mitsubishi Chemical Europe GmbH provided reagents for measurements of
presepsin. None of the authors received any funding with respect to study
design, collection, analysis, interpretation of data, writing of the manuscript
or decision to submit the manuscript for publication. MBr is an employee of
Boehringer Ingelheim GmbH & Co KG. The authors declare that they have no
other competing interests.

Authors’ contributions

MBe conceived the study, participated in its design and coordination,
performed statistical analysis, participated in data analysis and interpretation
and drafted the manuscript. TB carried out the immunoassays, participated in
data analysis and interpretation and helped to draft the manuscript. DL
participated in the study design and coordination, data acquisition and
analysis, carried out the immunoassays and helped to draft the manuscript.
SL carried out the immunoassays, performed statistical analysis, participated
in data analysis and interpretation, and helped to draft and revise the
manuscript for important intellectual content. FT participated in the study
design and coordination, as well as data acquisition, and revised the
manuscript. MBr participated in the study conception and design,
interpretation of data and critically revised the manuscript for important
intellectual content. MBo participated in the study design and coordination
and helped to draft and revise the manuscript for important intellectual
content. UH conceived the study, participated in its design and coordination,
participated in data analysis and interpretation and helped to draft and
revise the manuscript for important intellectual content. All authors read and
approved the final manuscript.

Authors’ information
Martina Brueckmann: Lecturer associated to the Faculty of Medicine
Mannheim, University of Heidelberg, Heidelberg, Germany.

Acknowledgements

Supported by the DZHK (Deutsches Zentrum fiir Herz-Kreislauf-Forschung - German
Centre for Cardiovascular Research) and by the BMBF (German Ministry of
Education and Research). Reagents for measuring presepsin were provided
by Mitsubishi Chemical Europe GmbH. We are very grateful to Verena
Herzog for her excellent technical assistance in measuring PCT and IL-6 in
Nuremberg, Germany.



Behnes et al. Critical Care 2014, 18:507
http://ccforum.com/content/18/5/507

Author details

'First Department of Medicine, University Medical Centre Mannheim (UMM),
Faculty of Medicine Mannheim, University of Heidelberg,
Theodor-Kutzer-Ufer 1-3, 68167 Mannheim, Germany. ?Institute of Clinical
Chemistry, Laboratory Medicine and Transfusion Medicine, Paracelsus
Medical University, Nuremberg, Germany. *Boehringer Ingelheim GmbH &
Co. KG, Ingelheim am Rhein, Germany.

Received: 22 March 2014 Accepted: 22 August 2014
Published online: 05 September 2014

References

1.

Dellinger RP, Levy MM, Rhodes A, Annane D, Gerlach H, Opal SM, Sevransky
JE, Sprung CL, Douglas IS, Jaeschke R, Osborn TM, Nunnally ME, Townsend
SR, Reinhart K, Kleinpell RM, Angus DC, Deutschman CS, Machado FR,
Rubenfeld GD, Webb SA, Beale RJ, Vincent JL, Moreno R: Surviving sepsis
campaign: international guidelines for management of severe sepsis and
septic shock: 2012. Crit Care Med 2013, 41:580-637.

Adhikari NK, Fowler RA, Bhagwanjee S, Rubenfeld GD: Critical care and the
global burden of critical illness in adults. Lancet 2010, 376:1339-1346.
Angus DC, van der Poll T: Severe sepsis and septic shock. N Engl J Med
2013, 369:840-851.

Kibe S, Adams K, Barlow G: Diagnostic and prognostic biomarkers of
sepsis in critical care. J Antimicrob Chemother 2011, 66:ii33-ii40.

Sridharan P, Chamberlain RS: The Efficacy of Procalcitonin as a Biomarker
in the Management of Sepsis: Slaying Dragons or Tilting at Windmills?
Surg Infect (Larchmt) 2013, 14:489-511.

Wacker C, Prkno A, Brunkhorst FM, Schlattmann P: Procalcitonin as a
diagnostic marker for sepsis: a systematic review and meta-analysis.
Lancet Infect Dis 2013, 13:426-435.

Shozushima T, Takahashi G, Matsumoto N, Kojika M, Okamura Y, Endo S:
Usefulness of presepsin (sCD14-ST) measurements as a marker for the
diagnosis and severity of sepsis that satisfied diagnostic criteria of
systemic inflammatory response syndrome. J Infect Chemother 2011,
17:764-769.

Okamura Y, Yokoi H: Development of a point-of-care assay system for
measurement of presepsin (sCD14-ST). Clin Chim Acta 2011, 412:157-161.
Shirakawa K, Naitou K, Hirose J, Takahashi T, Furusako S: Presepsin (sCD14-ST):
development and evaluation of one-step ELISA with a new standard that is
similar to the form of presepsin in septic patients. Clin Chem Lab Med 2011,
49:937-939.

Sugie Y, lgami K, Shoji K, Arai N, Tazaki Y, Kouta H, Okamura Y, Tashiro S,
Yokoi H: Performance evaluation of the new rapid fertility assays in
whole blood and plasma on PATHFAST. Clin Lab 2011, 57:99-106.

Endo S, Suzuki Y, Takahashi G, Shozushima T, Ishikura H, Murai A, Nishida T,
Irie’ Y, Miura M, Iguchi H, Fukui Y, Tanaka K, Nojima T, Okamura Y:
Usefulness of presepsin in the diagnosis of sepsis in a multicenter
prospective study. J Infect Chemother 2012, 18:891-897.
Chenevier-Gobeaux C, Trabattoni E, Roelens M, Borderie D, Claessens YE:
Presepsin (sCD14-ST) in emergency department: The need for adapted
threshold values? Clin Chim Acta 2013, 427C:34-36.

Liu B, Chen YX, Yin Q, Zhao YZ, Li CS: Diagnostic value and prognostic
evaluation of Presepsin for sepsis in an emergency department. Crit Care
2013, 17:R244.

Ulla M, Pizzolato E, Lucchiari M, Loiacono M, Soardo F, Forno D, Morello F,
Lupia E, Moiraghi C, Mengozzi G, Battista S: Diagnostic and prognostic
value of presepsin in the management of sepsis in the emergency
department: a multicenter prospective study. Crit Care 2013, 17:R168.
American College of Chest Physicians/Society of Critical Care Medicine
Consensus Conference: definitions for sepsis and organ failure and
guidelines for the use of innovative therapies in sepsis. Crit Care Med
1992, 20:864-874.

Reinhart K, Brunkhorst FM, Bone HG, Bardutzky J, Dempfle CE, Forst H,
Gastmeier P, Gerlach H, Grundling M, John S, Kern W, Kreymann G, Kruger W,
Kujath P, Marggraf G, Martin J, Mayer K, Meier-Hellmann A, Oppert M,
Putensen C, Quintel M, Ragaller M, Rossaint R, Seifert H, Spies C, Stuber F,
Weiler N, Weimann A, Werdan K, Welte T: German Interdisciplinary
Association for I, Emergency Care M and German Sepsis S [Prevention,
diagnosis, treatment, and follow-up care of sepsis. First revision of the
S2k Guidelines of the German Sepsis Society (DSG) and the German

20.

21.

22.

23.

24,

25.
26.

27.

28.

Page 13 of 13

Interdisciplinary Association for Intensive and Emergency Care Medicine
(DIVI)]. Anaesthesist 2010, 59:347-370.

Knaus WA, Draper EA, Wagner DP, Zimmerman JE: APACHE II: a severity of
disease classification system. Crit Care Med 1985, 13:818-829.

Vincent JL, Moreno R, Takala J, Willatts S, De Mendonga A, Bruining H,
Reinhart CK, Suter PM, Thijs LG: The SOFA (Sepsis-related Organ Failure
Assessment) score to describe organ dysfunction/failure. On behalf of
the Working Group on Sepsis-Related Problems of the European Society
of Intensive Care Medicine. Intensive Care Med 1996, 22:707-710.

Kurihara T, Yanagida A, Yokoi H, Koyata A, Matsuya T, Ogawa J, Okamura Y,
Miyamoto D: Evaluation of cardiac assays on a benchtop
chemiluminescent enzyme immunoassay analyzer, PATHFAST. Anal
Biochem 2008, 375:144-146.

Hanley JA, McNeil BJ: A method of comparing the areas under receiver
operating characteristic curves derived from the same cases. Radiology
1983, 148:839-843.

Vodnik T, Kaljevic G, Tadic T, Majkic-Singh N: Presepsin (sCD14-ST) in
preoperative diagnosis of abdominal sepsis. Clin Chem Lab Med 2013,
51:2053-2062.

Masson S, Caironi P, Spanuth E, Thomae R, Panigada M, Sangiorgi G,
Fumagalli R, Mauri T, Isgro S, Fanizza C, Romero M, Tognoni G, Latini R,
Gattinoni L: Presepsin (soluble CD14 subtype) and procalcitonin levels for
mortality prediction in sepsis: data from the Albumin Italian Outcome
Sepsis trial. Crit Care 2014, 18:R6.

Bauer M, Press AT, Trauner M: The liver in sepsis: patterns of response and
injury. Curr Opin Crit Care 2013, 19:123-127.

Henriquez-Camacho C, Losa J: Biomarkers for Sepsis. BioMed Res Int 2014,
2014:547818.

Bloos F, Reinhart K: Rapid diagnosis of sepsis. Virulence 2014, 5:154-160.
Harbarth S, Holeckova K, Froidevaux C, Pittet D, Ricou B, Grau GE, Vadas L,
Pugin J: Diagnostic value of procalcitonin, interleukin-6, and interleukin-8
in critically ill patients admitted with suspected sepsis. Am J Respir Crit
Care Med 2001, 164:396-402.

Sakr Y, Burgett U, Nacul FE, Reinhart K, Brunkhorst F: Lipopolysaccharide
binding protein in a surgical intensive care unit: a marker of sepsis?

Crit Care Med 2008, 36:2014-2022.

Huang DT, Angus DC, Barnato A, Gunn SR, Kellum JA, Stapleton DK,
Weissfeld LA, Yealy DM, Peake SL, Delaney A, Bellomo R, Cameron P,
Higgins A, Holdgate A, Howe B, Webb SA, Williams P, Osborn TM, Mouncey
PR, Harrison DA, Harvey SE, Rowan KM: Harmonizing international trials of
early goal-directed resuscitation for severe sepsis and septic shock:
methodology of ProCESS, ARISE, and ProMiISe. Intensive Care Med 2013,
39:1760-1775.

doi:10.1186/513054-014-0507-z

Cite this article as: Behnes et al.: Diagnostic and prognostic utility of
soluble CD 14 subtype (presepsin) for severe sepsis and septic shock
during the first week of intensive care treatment. Critical Care

2014 18:507.

( R
Submit your next manuscript to BioMed Central
and take full advantage of:
¢ Convenient online submission
¢ Thorough peer review
* No space constraints or color figure charges
¢ Immediate publication on acceptance
¢ Inclusion in PubMed, CAS, Scopus and Google Scholar
* Research which is freely available for redistribution
Submit your manuscript at -
www.biomedcentral.com/submit ( BiolVed Central

& J




	Abstract
	Introduction
	Methods
	Results
	Conclusions
	Trial registration

	Introduction
	Materials and methods
	Study patients, design and data collection
	Biomarker measurements
	Statistical analysis
	Diagnostic value of biomarkers
	Prognostic value of biomarkers

	Results
	Associations of presepsin with clinical and laboratory parameters
	Diagnostic value of presepsin
	Prognostic value of presepsin

	Discussion
	Limitations

	Conclusions
	Key messages
	Abbreviations
	Competing interests
	Authors’ contributions
	Authors’ information
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


